Intervention trials in free-living populations have shown relatively small reductions in risk factors for cardiovascular disease, including lipid levels, and have led some to question whether diet is an effective treatment for hyperlipidaemia. However, behaviour change is a complex process and it is possible that standard intervention methods fail to motivate people sufficiently to comply with dietary advice.
INTRODUCTION
Cardiovascular diseases [coronary heart disease (CHD) and stroke] are the major modern-day cause of mortality in men and women. In 1990, CHD accounted for 27 % of all deaths in the U.K. [1] . In addition to the significant contribution that cardiovascular diseases make to mortality, there is also a large economic burden associated with them. In the U.K., services for the prevention and treatment of CHD cost the National Health Service £100 million per annum.
There is a continuous positive association between the level of serum cholesterol and risk of developing CHD [2] . Approximately 70 % of the British population currently have serum cholesterol levels above those at which the lowest risk of CHD is observed ( 5.2 mmol\l) [3] . Keys et al. [4] and Hegsted et al. [5] [6] [7] suggested that it was possible to predict changes in serum cholesterol on the basis of the fat composition of the diet. These studies suggested that fats rich in saturated fatty acids with 12-16 carbon atoms raised plasma total cholesterol while polyunsaturated fatty acids of the n-6 series lowered them. The scientific evidence for this relationship in freeliving individuals is not, however, consistent. The most recent guidelines issued by the task force of the European Societies of Cardiology, Atherosclerosis and Hypertension [8] state that it is possible to reduce cholesterol by up to 15 % through dietary therapy. However, metaanalyses suggest that dietary intervention only achieves, on average, a 1-2 % reduction in serum cholesterol levels, a decrease which is probably physiologically insignificant [9, 10] . These figures are reflected in the reductions in serum cholesterol observed after intervention in the Oxcheck and Family Heart Studies [11, 12] .
Theoretical models of behaviour change such as the Health Belief Model and the Stages of Change Model describe many factors believed to influence behaviour change. Social, personal, demographic, motivational and attitudinal factors are all believed to play a role. Dietary change is a complex process, influenced by many factors other than knowledge, and compliance with dietary advice may not always be optimal as a result. Despite this, health professionals have traditionally concentrated on increasing patients' dietary knowledge rather than considering the many other factors that may influence behaviour change.
One technique of behaviour change that has been used with some success in the area of addictive behaviour is motivational interviewing [13] . This is a style of counselling which is designed to help build commitment and reach a decision to change. The effectiveness of this style of counselling has not, however, been formally evaluated to date in the area of dietary change. The present study compared the effectiveness of motivational interviewing with standard dietary advice in dietary education for patients with hyperlipidaemia.
METHODS
The study was a randomized, controlled clinical trial. The study hypothesis was that motivational interviewing is more effective in lowering serum cholesterol levels in patients with hyperlipidaemia than standard dietary advice. Objectives were to compare the effectiveness of two methods of dietary education in increasing motivation for change (Stage of Change), increasing knowledge of recommended diet, achieving reductions in dietary fat intake in line with current guidelines, improving lipid profiles, and reducing weight where appropriate.
The sample population consisted of patients with hyperlipidaemia (total serum cholesterol level 5.2 mmol\l with or without raised serum triacylglycerol levels, 2.0 mmol\l), referred to the hospital-based dietetic department for lipid-lowering dietary advice between April 1995 and August 1996. Since patients were referred by their physicians to receive dietary advice, it was not considered ethical to exclude some patients completely from dietary treatment (a ' true ' control). As a result, it was decided to use the standard method of dietary education as a control.
Patients were excluded if they had any of the following conditions : thyroid disorders, hepatic disease, renal disease, diabetes mellitus, pregnancy, or if they were taking lipid-lowering medication or medications known to affect lipid levels, or had a myocardial infarction within the previous 3 months. Patients suitable for inclusion in the study were randomized to receive either the standard (control) method of dietary intervention or the motivational intervention using a computergenerated random log.
Sample size was calculated based on an estimated variance in cholesterol measurements of 20 %, and an expected difference in cholesterol results between the intervention and the control group of 10 %. It was estimated that to obtain 80 % power at the 5 % level of significance, a total sample size of 130 would be needed.
During recruitment, 196 potential subjects were invited to attend for appointment with a view to recruiting them into the study. Twenty-five subjects were excluded because they failed to meet the study inclusion criteria. Of the remaining 171 potential subjects, 35 failed to attend and 15 declined to take part in the study. This resulted in a sample size of 121 and a participation rate of 71 % (121\171). Thirteen subjects were subsequently lost to follow-up while 11 more were excluded because they started lipid-lowering medication during the course of the study. Follow-up data were available for 97 subjects (47 motivational, 50 standard). This gave an overall study completion rate of 80 % (97\121).
When patients attended for their appointment, the principles of the research study were explained to them and, if they agreed to participate, they were randomized to an intervention group. Written, informed consent was obtained from all patients in line with the guidelines issued by the hospital's ethics committee. At baseline, patients completed a 7-day food diary with estimated portion sizes, and a dietary questionnaire. Their height and weight were also measured and a fasting blood sample was taken for measurement of lipids.
All patients were seen individually by the dietician in clinic 2 weeks after randomization. Those randomized to the standard intervention received standard lipid-lowering dietary advice. Dietary intake was assessed by means of a diet history and dietary advice was given based on this. These patients were also given a lipid-lowering diet sheet. The method of applying motivational interviewing to dietary change was based on a previous plan adapted for use by non-specialists [14] . The motivational interviewing menu was used with all patients in this intervention group. All patients were seen three times : at baseline, 6 weeks and 3 months ; dietary counselling was given at each visit. Final measurement of outcome was made at 3 months since changes in serum cholesterol as a result of dietary change should have occurred by that time and this is a standard period for dietetic intervention.
Interviews were recorded by audiotape and coded (using an interview coding tool designed for this specific study) to determine whether there were significant differences between the interview techniques used in the different interventions.
Outcome variables measured included total serum cholesterol, high-density lipoprotein (HDL)-cholesterol, ratio of total cholesterol to HDL-cholesterol and levels of serum triacylglycerol. Cholesterol and triacylglycerols were measured by enzymic colorimetric methods using an Olympus AU800 analyser (Olympus Biomedical, Eastleigh, Hants, U.K.). The HDL-cholesterol measurement was based on prior precipitation of other lipoproteins with phosphotungstate followed by enzymic measurement of HDL-cholesterol in the supernatant on a Hitachi 911 analyser (Boehringer Mannheim Ltd, Lewes, U.K.). Between-run precision was 3 % for all analyses.
Nutrient intakes were assessed using the 7-day food record and a food composition package designed by the University of Southampton. Other data collected included qualitative data on foods eaten, dietary knowledge and stage of change, exercise habits, smoking, alcohol intake and weight\body mass index (BMI).
Data were collated and analysed using SPSS for windows. P values less than 0.05 were considered statistically significant.
RESULTS
Comparison of participants and nonparticipants (Table 1) Of the 121 subjects who were recruited and randomized, 24 subjects did not complete the study ; 13 were lost to follow-up and 11 were excluded because they started lipid-lowering medication. Table 1 compares the baseline characteristics of the participants and non-participants. Although there were no statistically significant differences between the groups, non-participants had, on average, higher levels of total cholesterol and triacylglycerol, lower levels of HDL-cholesterol and lower selfreported intakes of energy and fat than participants.
Baseline characteristics (Tables 2 and 3)
Within the motivational intervention group, 23 were male (49 %) and 24 (51 %) were female. Within the standard intervention group, 26 were male (52 %) and 24 were female (48 %). Fifty per cent were referred for dietary advice by their general practitioner, 25 % by the hospital lipid clinics, and 25 % by other hospital consultants. The study sample had a mean BMI of 27.0 kg\m# and a mean total cholesterol level of 6.96 mmol\l at baseline. There were no statistically significant differences in age, BMI or lipid levels between the groups at baseline, indicating that the randomization was effective. The levels of total cholesterol and HDL-cholesterol were higher in women than in men. In the motivational group, women had a mean total cholesterol of 7.2 mmol\l compared with men who had a mean of 6.7 mmol\l. In the standard group, the mean total cholesterol level was 7.2 mmol\l in women and 6.8 mmol\l in men. The confidence intervals indicated that this difference was not statistically significant.
Men had higher BMIs than women with the majority of men having a BMI greater than 25 kg\m#. A far higher proportion of the males in the study sample had a BMI exceeding 30 kg\m# than is seen in the average U.K. population (27 % versus 12 %) [3] .
There were no statistically significant differences in dietary intake between the two intervention groups at baseline (Table 3 ). Mean energy and fat intakes were low.
A questionnaire was used to assess dietary intakes and various types of food eaten, dietary knowledge relating to cholesterol and the recommended low-fat diet, and stage of dietary change. Dietary knowledge was good. Food intake patterns also supported the low fat intakes 
Follow-up data (Tables 4 and 5)
Outcomes were reassessed 12 weeks later after three interviews with the dietician. Overall, there were reductions in BMI, total cholesterol, triacylglycerols and ratio of total cholesterol to HDL-cholesterol, and an increase in HDL-cholesterol levels from baseline, in both motivational and standard intervention groups ( Table 4) . The mean reduction from baseline in total serum cholesterol in both intervention groups was 0.073 mmol\ l (95 % confidence interval : k0.21, 0.06) which was equivalent to 1 %. This was not statistically significant (two-tailed significance : 0.29). The observed difference in cholesterol levels between intervention groups was 0.03 mmol\l.
Follow-up dietary results were available for 87 % of those recruited (n l 84). Results are reported in Table 5 .
Despite low baseline nutrient intakes, both methods of intervention resulted in statistically significant reductions in self-reported intakes of energy, fat, carbohydrate and cholesterol (P 0.001). From baseline, mean selfreported reductions in total and saturated fat (both intervention groups) were 17.4 g (25 %) and 7.5 g (31 %) respectively. Total self-reported energy intake from fat decreased from 32.9 % to 28.4 %. There were also improvements in dietary habits and knowledge supporting the reported reductions in fat and energy intakes. An overall reduction in mean levels of body weight suggests that energy intakes were reduced.
To assess whether the reduction observed in serum cholesterol was proportionally related to the reported reduction in total dietary fat intake, a comparison was made of those subjects who reduced their fat intakes by more than the mean value of k4.5 % (n l 41) and those who reduced their fat intakes by less than this value (n l 43). The former achieved greater reductions in serum cholesterol (k0.13 mmol\l compared with Dietary intervention in hyperlipidaemia k0.04 mmol\l). A similar picture was seen with weight loss. Subjects who lost most weight (more than the mean weight loss of k1.25 kg) achieved the greatest reduction in serum cholesterol (k0.13 mmol\l compared with k0.01 mmol\l). Progression into later stages of change in both intervention groups was observed. This was statistically significant from baseline. There were no differences between intervention groups. After intervention, 95 % of the sample were in the later stages of change.
Since the same dietician conducted both the standard and the motivational interviews, it is possible that there was no significant difference between the groups in the technique used. To assess whether this was the case, interviews were coded to detect any differences in the intervention processes used. Results of interview coding demonstrated that there were significant differences between the techniques used in both interventions. The motivational interviews contained significantly more reflecting, exploring and non-judgmental giving of information, while the standard interviews contained significantly more advice and patient resistance. This comparison suggests that interviews were carried out according to the protocol. The motivational interview was significantly longer than the standard interview [e.g. interview 1, 42 min versus 25 min ; (P 0.001) ; interview 3, 15 min versus 13 min (P l 0.05)].
Dietary under-reporting
In order to assess the potential effect of dietary underreporting, energy intakes were compared with estimated energy expenditure. After allowing for subjects who had lost weight and, therefore, were not in energy balance, 16 subjects had an energy intake indicative of significant dietary under-reporting (no weight loss and energy intake less than 1.2 times their estimated basal metabolic rate). The 16 ' under-reporters ' had lower reductions in percentage energy from total fat after intervention when compared with the rest of the study sample (k3.1 % compared with k4.8 %), and rather than achieving reductions in serum cholesterol and BMI, their levels actually increased after intervention (Table 6 ). Total serum cholesterol increased by 0.06 mmol\l and BMI increased by 0.43 kg\m#. These differences were not statistically significant.
DISCUSSION
Dietary education for people with hyperlipidaemia is based upon three assumptions : that education increases knowledge, that increased knowledge leads to an improvement in diet, and, finally, that an improved diet (namely a reduction in dietary fat intake) leads to a reduction in serum cholesterol levels. Each of these assumptions was tested within this study. In a study in free-living subjects who are given advice to change their diet, and are not fed in a metabolic ward study, it must be assumed that subjects honestly report their true change in dietary intake, and do not simply report making changes that are expected. The results suggested that the dietary counselling did affect dietary knowledge and behaviour, although motivational interviewing was no more effective than standard interviewing. The fact that neither group showed any statistically significant reduction in serum cholesterol levels may be explained either by the fact that the dietary change reported was a correct estimate of the real dietary change, and this change did not affect lipid levels, or that subjects overestimated the real dietary change which was insufficient to affect lipid levels.
Study population
The original calculated sample size of 130 (to obtain 80 % power) was not achieved and this reduced the power of the study to 61 %. Those lost to follow-up were not significantly different from study subjects. Nonparticipants had higher levels of total cholesterol and triacylglycerol and lower levels of HDL-cholesterol than participants, suggesting that those who did not participate in the study were, in fact, at greater risk than those who did.
The reduction in study power suggests that results should be interpreted with some caution since it is possible that the smaller sample size may have reduced the power to detect a statistically significant difference. However, a smaller reduction in serum cholesterol is unlikely to be clinically significant even if a larger sample size made it statistically significant.
At baseline, mean total cholesterol levels were 6.96 mmol\l and mean BMI was 27.0 kg\m#. Percentage energy intake as total fat was considerably lower than the population average in both groups (33.1 % versus 40.4 %). This was also true of saturated fat (11.4 % versus 16.8 %) [15] . These low fat and energy intakes may have occurred because the study participants had been diagnosed with hyperlipidaemia and had made changes of their own accord because of the diagnosis, or were following dietary advice given by a health professional such as a GP or Practice Nurse. This was borne out by the proportion of the sample reporting later stages of dietary change (80 %) before receiving any dietary advice from the dietician. Qualitative dietary data and assessment of dietary knowledge at baseline also indicated fairly high levels of dietary knowledge and reported dietary action in line with guidelines. Ninety per cent reported having altered diets and reduced fat intakes before intervention. Many patients may have been diagnosed with hyperlipidaemia for some time before recruitment into the study. The diagnosis and referral for dietary advice may have motivated them to commence making dietary changes before receiving an appointment to see the dietician.
Alternatively, subjects may have known what they were supposed to do, did not actually change their diet, but simply reported the dietary changes that were expected. This is a possible interpretation in all dietary studies that rely on subjects reporting their own behaviour. Dietary under-reporting is a very common phenomenon [16, 17] with up to 30 % of participants in large samples suggested to be under-reporting their intakes. This under-reporting would only lead to bias in the present study if it were different in the standard and motivational interview groups, although non-differential under-reporting would lead to an overestimate of the overall reduction in intake. It is possible that dietary under-reporters would selectively under-report dietary fat intakes while continuing to have a higher intake in reality. This might lead to a smaller reduction in serum cholesterol than would be achieved if the fat intakes had actually been reduced. The consistency between reported changes in energy intake and changes in body weight provides some support for the validity of the reported dietary data.
Changes in outcomes after intervention
After intervention, there were no statistically significant differences in outcomes between the two intervention groups.
There was a downward trend in total cholesterol and weight in both intervention groups, although without a control group who received no intervention at all, it is not possible to say if this is due to the dietary intervention or to other factors such as regression to the mean. It is unlikely to be due to secular trends since current data indicate that the U.K. trends in serum cholesterol and BMI are upwards [1, 3] . The mean reduction in BMI from baseline of 0.45 kg\m# was statistically significant.
The overall mean reduction from baseline in serum cholesterol of 0.07 mmol\l (1 %) was not statistically significant and was less than the reductions seen in the U.K. primary care studies [11, 12] and in line with what Ramsay et al. [9] and Haq et al. [10] suggested in their reviews of dietary interventions. It is worth noting, however, that this study was carried out on a different type of sample population (patients with hyperlipidaemia referred for dietary advice) than those used in the primary care studies.
On the basis of the predicted effects of dietary change [4] [5] [6] [7] , it is difficult to know why greater reductions were not achieved in serum cholesterol. It is possible that many people were making dietary changes and following low-fat diets before any intervention as indicated by baseline dietary and stages of change data. Therefore, it may not have been reasonable to expect to see further large changes in such a motivated sample. However, despite healthy baseline data, further improvements were seen in knowledge, dietary intake and weight, suggesting that dietary education did have an impact on these outcomes.
It has long been accepted that reduction of dietary fat intake will produce a corresponding reduction in serum cholesterol. Possible reductions of up to 15 % have been suggested [8] . This is supported by evidence from the metabolic studies of Keys et al. [4] and Hegsted et al. [6, 7] , which demonstrated a mathematical relationship between changes in fat intakes and changes in cholesterol. However, there were problems associated with the metabolic studies, namely the use of experimental diets, the gender specificity, and the size of the sample groups used, which limits their applicability and suggests that the effect of dietary fats on lipid levels may not be as straightforward as the equations suggest.
Analysis showed that dietary change did have an effect on serum cholesterol. Reductions in fat intakes above the mean achieved greater reductions in cholesterol levels as did weight loss greater than the mean. These reductions were equivalent to a 2 % reduction in cholesterol from baseline. While these analyses demonstrate that diet does have an effect on lipid levels, it also appears that the maximum reported dietary changes still did not bring about a clinically significant reduction in serum cholesterol. The question of how to make dietary interventions more effective still needs to be answered. Type of fat and other dietary variables known to affect serum lipids such as antioxidants, carbohydrate or soluble fibre [18] [19] [20] may merit more consideration in future interventions.
In conclusion, the results of this study suggest that motivational interviewing was carried out as planned but was not more effective in lowering serum cholesterol levels than standard dietary advice in this particular sample group. This may have occurred because 80 % of the sample were in later stages of change at baseline, indicating that it might have been more appropriate to use a behavioural process of change instead of a cognitive process such as motivational interviewing. It may be necessary to examine and apply other models and processes of change to dietary behaviour to improve outcomes in future dietary intervention studies.
It is possible that no significant effect was seen on serum cholesterol levels in this particular sample group simply because they had high total cholesterol levels and low total fat intakes at baseline, and may have been following a low-fat diet for some time. In other words, the patients with hyperlipidaemia in this study sample may have been more ' resistant ' to dietary intervention than others. These results, therefore, may not be applicable to all patient groups. Future work in this area may be more effective if primary care patients or patients with newly diagnosed hyperlipidaemia are targeted.
The findings support the theory that dietary education for people with hyperlipidaemia leads to improvements in dietary knowledge and dietary habits and reductions in dietary fat intakes. However, despite such changes (and loss of weight), there was no statistically significant reduction in total serum cholesterol levels. There did appear to be an association between dietary changes and changes in serum lipid levels in those subjects who made the greatest changes in their dietary fat intakes and achieved the greatest weight loss. This suggests that dietary intervention may have an effect but it is uncertain whether this effect could reach clinical significance. The overall reduction in total cholesterol levels in the patients who made the greatest dietary changes was still only 2 %.
It is possible that the link between dietary fat and serum cholesterol levels in free-living populations is not as strong as is commonly believed. These study results support those of many other recent studies and reviews [8] [9] [10] [11] . It may be that other aspects of the diet are as important in reducing serum cholesterol levels. The combination of advice to reduce fat intakes with advice to increase fruit and vegetable or soluble fibre intakes may achieve a greater effect on lipid levels than simply concentrating on fat intakes. Future research should continue to critically examine and quantify the link between all aspects of diet and cholesterol in free-living individuals.
